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Abstract 
Manipulating the topological phase transition of the photonic insulators will provide a unique control for the 
interaction between light and matter, such as the exotic edge states with topological protection. To data, the 
topological characteristics including invariant topological orders, band inversion, and the edge states in the 
photonic insulators have been widely studied and experimentally demonstrated. Whether people can take 
advantage of intriguing topological states in simple one-dimensional systems to implement some practical 
applications is an issue which people are increasingly concerned about. Specially, the edge states in the 
topological dimer chain have been proposed to realize the topological robust lasers. In this work, based on a 
photonic dimer chain composed of ultra-subwavelength resonators, we verify experimentally that the 
topological edge state is immune to the inner disorder perturbation and can be used to realize the wireless 
power transfer (WPT) with high transmission efficiency. This property of high transmission efficiency can 
be guaranteed even when the length of chain changes. Moreover, to intuitively show the topological edge 
state can be used for WPT, a power signal source is used to excitethe topological edge state. It can be clearly 
seen that the LED lamps with 0.5-W at both ends of the structure corresponding to the edge state are lighted 
up. Inspired by the long-range WPT implemented by the edge state in this work, it is expected to use more 
complex topological structures to achieve more functional energy transmission, such as the WPT whose 
direction can be selected flexibly in the quasiperiodic topological Harper chain. 
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INTRODUCTION 
Photonic artificial topological structures provide a good platform for people to 
study the electromagnetic wave manipulation [1-3]. To data, a large number of 
photonics topological structures, including metamaterials [4-7], coupled ring arrays 
[8-11], local resonant arrays [12-14], circuit networks [15-17], and photonic crystals 
[18-24], have been used to study the abundantly topological excitations [25-27]. By 
mapping the basic topological Su-Schrieffer-Heeger model of a solid-state system [28], 
the photonic one-dimensional (1D) dimer chain has been demonstrated to realize the 
topological edge states which are robust against the disorder and fluctuations. Notably, 
in 2009 Malkova et al. experimentally reveal that the linear Shockley-like surface states 
in an optically induced semi-infinite photonic superlattice and it is the first 
demonstration of 1D topological states in photonics [29]. Recently, the topological 
phase transition, invariant topological orders and the associated edge states in the 
topological dimer chain have been experimentally observed in the platform composed 
of split-ring resonators in microwave regime [30, 31]. The great progress of the 
topological dimer chains has enabled some interesting extensions to be realized along 
with some important applications [32]. On the one hand, research on the advantages of 
1D dimer chains has been extended to nonlinear [33-35] and active [36, 37] systems, 
where the active controlled topological edge states and topological lasers are studied 
respectively. On the other hand, the topological properties of non-Hermitian dimer 
chain have been theoretically studied and experimentally demonstrated [38-42]. 
Especially, combining the non-Hermitian exceptional points (EPs) with topological 
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states, a new sensor which is not sensitive to internal manufacturing errors but is highly 
sensitive to changes in the external environment is proposed [43]. Although the 
structure of 1D photonic dimer chain is simple, its fertile topological physical and 
useful applications have attracted more and more attention. 
In this work, using the ultra-subwavelength coil resonators, the 1D dimer chain 
under the tight-binding model is designed and fabricated. Moreover, we apply the edge 
state in the topological chain to a specific application scenario — wireless power 
transfer (WPT) [44-47]. Normally, traditional WPT devices with magnetic induction 
mechanism are usually limited by the transmission distance [48-51]. When the distance 
between the receiving coil and the transmitting coil is large enough, the transmission 
efficiency will be greatly reduced. As an effective solution, magnetic resonance WPT 
can achieve long-range and efficient energy transmission [52-63]. However, the 
associated frequency tracking is also an important problem in practical applications 
[64-66]. Here, we propose the long-range WPT of topological edge state with high 
transmission efficiency. Firstly, because the edge states are symmetrically localized at 
both ends of the topological dimer chain, the long-range WPT can be achieved by 
choosing different chain lengths according to the actual needs. Secondly, for a long 1D 
dimer chain, the frequency position of the topological edge state is fixed. Therefore, the 
working frequency will not be changed due to the change of transmission distance, 
which provides a new scheme for dynamic WPT. Finally, given the topological edge 
state, the designed WPT device will be robust to the disorder perturbation inside the 
structure, which makes our new WPT device have high stability in complex 
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transmission scenarios. Our results provide a versatile platform to design the WPT 
devices with topological protection. Considering the asymmetric edge states in the 
quasiperiodic [67] or the trimer [68] topological chain, our platform is expected to 
further realize the interesting and directional WPT in the future. 
RESULTS 
In the experiment, the 1D topological dimer chain is constructed by 
ultra-subwavelength coil resonators. The composite coil resonator is composed of two 
layers divided by a polymethyl methacrylate (PMMA) substrate with thickness of h =1 
cm. The top layer corresponds to a coil resonator and the photo is shown in Fig. 1(a). 
All the coil resonators in the dimer chain are identical with the resonant frequency of f0 
= 5.5 MHz, which depends on the loaded lumped capacitor C = 100 pF and the 
geometric parameters including the inner diameter D1 = 5.2 cm and outer diameter D2 = 
7cm. The Fig. 1(b) shows the back layer of the composite resonator, in which a 0.5-W 
LED lamp is connected to a non-resonant coil. Once the magnetic field in the top coil is 
strong enough, the LED lamp loaded in the back layer can be lighted up. Fig. 1(c) 
shows the 1D dimer chain with Nc unit cells. Based on the tight-binding model, the 
Hamiltonian of the photonic dimer chain can be written as follows [28]: 
† †
1 2 1( ) . .n n n n
n
H a b a b h c     ,                                  (1) 
where 1  and 2  respectively denote the intra-cell coupling and inter-cell coupling 
coefficients, which are controlled by tuning the distance between coil resonators [67, 
68]. In our photonic dimer chain, the distance of intra-cell and inter-cell are 4 cm and 3 
cm, respectively. ( )n na b  and 
† †( )n na b  represent the generation and annihilation 
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operators corresponding to a(b) lattice point in the nth unit cell of SSH chain, 
respectively. The topological invariants of the system can be determined by Zak phase 
of the band [28]: 
k kv i u u dk
k





,                                                        (2) 
where 
ku  is the eigenvector. The Zak phase trivial chain ( 1 2  ) and topological chain 
( 1 2  ) are v  0 and v  , respectively. The edge states will appear symmetrically 
at two ends of the chain for the topological dimer chain. 
 
FIG. 1. Details of the composite resonator and the 1D dimer chain. (a) The resonator on the top layer 
of the composite structure. Here, the resonant frequency of the coil is 5.5 MHz; the loaded capacitor is 
100 pF; the thickness of the substrate is 1 cm; the inner diameter and outer diameter of the coil resonator 
are 5.2 cm and 7cm, respectively. (b) A non-resonant coil with a LED lamp on the back layer of the 
composite structure. The corresponding diameter of the non-resonant coil is 3.7 cm. (c) Schematic of the 
1D dimer chain. In this tight-binding model, the unit cell is composed of two resonators, which are 
marked by red and green respectively, to facilitate viewing. 
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Based on the near-field detection method [30, 31], we measure the density of 
states (DOS) spectrum of the topological chain composed of 16 coil resonators. Our 
near-field magnetic probe is a loop antenna, which is connected to the port of the vector 
network analyzer (Agilent PNA Network Analyzer N5222A). The radius of the loop 
probe is 2 cm. It can be taken as a non-resonant antenna with high impedance. This 
small loop antenna acts as a source to excite the sample and then measure the reflection. 
And the local density of states (LDOS) of each site is obtained from the reflection by 
putting the probe to the center of the corresponding resonator. The DOS spectrum is 
obtained by averaging the LDOS spectral over all 16 sites. The measured DOS 
spectrum of the topological dimer chain without disorder perturbation is shown in Fig. 
2(a). An isolated state (f = 5.62 MHz) exists in the bandgap of the spectrum, which 
belongs to the edge state colored by red arrow. To investigate the robustness of the edge 
states against disorder perturbation, we randomly move 10 coil resonators 5mm in the 
center of the topological dimer chain. The corresponding measured DOS spectrum of 
the topological dimer chain with disorder perturbation is shown in Fig. 2(b). 
Comparing Figs. 2(a) and 2(b) shows that, the edge state is still maintained for the 
dimer chain with perturbation whereas the bulk state has been deteriorated seriously. 
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FIG. 2. Measured DOS spectrum of the 1D topological dimer chain. (a) Measured DOS spectrum of 
the 1D topological dimer chain without perturbation. One bulk state (f = 5.43 MHz) and the edge state (f 
= 5.62 MHz) in the band gap are marked by the green arrow and red arrow, respectively. (b) Similar to (a), 
but for the case with disorder perturbation in the inner of the chain. The structure disorder is realized by 
randomly moving the central 10 resonators with 5 mm.  
Moreover, we measure the LDOS distributions of the edge state and one bulk state, 
which are marked by red and green arrows in Fig. 2, respectively. For the bulk state in 
the band, the LDOS is mainly distributed in the bulk, as shown in Fig. 3(a). When the 
dimer chain with disorder perturbation, the LDOS of the bulk state is significantly 
modified in Fig. 3(b). However, for the dimer chain with disorder perturbation, the 
measured LDOS of the edge state is still confined at the two ends of the chain in Fig. 
3(d), just as the case without perturbation in Fig. 3(c). This indicates that when random 
movement is introduced into the interior of the chain, the topological edge state will not 
be modified, which is highly significant for robust WPT. 
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FIG. 3. Robust edge state against the disorder perturbation. (a) Measured normalized LDOS 
distribution of the bulk state (marked by green arrow in Fig. 2(a)) in the topological dimer chain without 
perturbation. (b) Similar to (a), but for the LDOS distribution of the bulk state with disorder perturbation. 
(c) (d) Measured normalized LDOS distribution of the edge state in Figs. 2(a) and 2(b), respectively. 
At present, the WPT system of magnetic resonance has been demonstrated to be 
the powerful tools to improve the functionalities and obtain new performance beyond 
the WPT systems of magnetic induction. In particular, magnetic resonance WPT can 
achieve long-range and efficient transmission [52-63]. However, the transmission 
efficiency of magnetic resonance WPT tightly depends on the transmission distance. 
The effective working frequency needs to be changed with the transmission distance 
because of the near-field coupling mechanism, which limits its practical applications. 
To solve this problem, an optimization scheme is proposed, which uses nonlinear effect 
to track the real-time working frequency [64-66]. For frequency tracking WPT system, 
the power carrying capacity of nonlinear circuit elements will limit the upper limit of 
transmission power of the whole energy transmission system. Here, based on the 
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topological edge state in the dimer chain, we realize that the long-range WPT is 
independent on transmission distance. It is mainly because when the dimer chain gets 
longer, the working frequency of the topological state can be kept fixed, which almost 
is independent on the transmission distance. Figures 4(a)-4(c) show the measured 
enhancement of transmission efficiency of topological chain over trivial chain when the 
length of the chain changed. It can be clearly seen that the position of topological state 
hardly changes with the chain length. For the topological dimer chain with 16, 14, and 
12 coil resonators, the efficiency enhancement at the working frequency of 5.62 MHz is 
always high. Therefore, the topological state can be used for long-range WPT without 
the influence of distance. 
 
FIG. 4. Measured enhancement of transmission efficiency of topological chain over trivial chain 
when the length of the chain changed. (a) The transmission efficiency of a topological chain divided by 
that of a trivial chain when the number of the resonators in the chain is N=16. (b) (c) Similar to (a), but for 
the number of the resonators in the chain is N=14 and N=12, respectively. At the working frequency f = 
5.62 MHz, the efficiency enhancement in three chains with N=16, 14, and 12 correspond to g = 44.63, 
45.16 and 53.17, respectively. 
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At the end of this work, the experiment is carried out to exhibit an actually 
high-power WPT control. The high-power signal source (AG Series Amplifier, T&C 
Power Conversion) instead of the vector network analyzer, is used to excite the 
topological edge states. A source non-resonant coil is placed in the center of the 
structure. To show the topological WPT intuitively, except for the two resonators near 
the source coil, all other resonators are added with LED lamps. At the working 
frequency of topological edge state, the LED lamps on both sides of the chain are 
lighted up whereas the LEDs lamps loaded on other composite resonators remain dark, 
which is shown in Fig. 5. Considering the asymmetric field pattern of topological edge 
state in quasiperiodic chain, the unidirectional WPT may also be realized by our setup 
based on the coil resonators. 
 
FIG. 5. Experimental demonstration of the 1-w wireless power transfer for lighting two LED lamps. 
The source non-resonant coil is placed on the center of the chain. To show the topological WPT 
intuitively, except for the two resonators near the source coil, all other resonators are added with LED 
lamps. At the working frequency f = 5.62 MHz, the topological edge state can obviously lighted up the 
LED lamps on both sides of the chain, while the LEDs lamps loaded on other composite resonators 
remain dark. 
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CONCLUSION 
In summary, based on the topological dimer chain composed of ultra-subwavelength 
coil resonators, we experimentally verify that the edge state is not affected by the inner 
disorder perturbation, and can achieve high efficient long-range WPT. Our results have 
applied topological states to WPT system, which has many advantages over traditional 
WPT devices, such as efficient long-range transmission, distance independence, 
immunity to internal disturbances, etc. Moreover, this work provides a versatile 
platform with topological protection, which has the potential to explore more versatile 
WPT devices with more complex structures including the trimer and quasiperiodic 
chains. 
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